Weanling male rats were fed a riboflavin-or selenium deficient diet for 5 weeks, and the glutathione content and its relating enzyme activities in the livers were examined. The glutathione content and glutathione reductase activity were decreased by deficiency of riboflavin, but not by that of selenium. Glutathione peroxidase activity was increased by addition of selenium to the diet, but without its addition, the activity was higher in the riboflavin-deficient rats than in the riboflavin-sufficient rats, in spite of the increase of lipid peroxides in the former rats. Glucose 6-phosphate dehydrogenase activity was decreased significantly by riboflavin deficiency. In another experiment, riboflavin was intraperitoneally injected into rats fed the diet to which neither riboflavin nor selenium had been added. The glutathione content and activities of glutathione reductase and glucose 6 phosphate dehydrogenase returned to the control level of riboflavin sufficient rats in 24h, the lipid peroxide level in 48h, and the glutathione peroxidase activity, being higher than that in the control rats, in 72h after the injection, respectively. These findings indicate that the increase of lipid peroxides in the livers of riboflavin-deficient rats is caused by the decrease in the glutathione content as well as glutathione reductase activity rather than by that in the selenium-dependent glutathione peroxidase activity. Key Words riboflavin and selenium deficiencies, riboflavin deficiency and glutathione, riboflavin deficiency and lipid peroxides, glutathione peroxidase and lipid peroxides Increase of lipid peroxides was observed in the livers and serum of rats which were fed a riboflavin-deficient diet (1). Much research has been extensively made to clarify the mechanism of lipid peroxidation, and several investigators have de 283 284 M. TANIGUCHI and T. HARA monstrated that NADPH-cytochrome P-450 reductase is involved in NADPH dependent lipid peroxidation (2, 3). In order to resolve the mechanism of increase of lipid peroxides in the rats which were fed the riboflavin-deficient diet (riboflavin deficient rats hereafter), the authors studied NADPH-dependent lipid peroxidation with liver microsomes and found that the formation of lipid peroxides expressed as malondialdehyde was decreased in the deficient rats, instead of an increase of lipid peroxide content in the livers. The increase of lipid peroxides in the livers may be accounted for by several reasons; (i) disturbance and modification of electron transferring systems in NADPH-cytochrome P-450 reductase or NADPH-cytochrome b reductase, (ii) diminution of capacity to degradate hydrogen peroxide which is successively transformed into OH by Fenton-type or Harber-Weiss reaction, (iii) decrease in removal of organic peroxides, and consequent acceleration in the propagative step of lipid peroxidation as suggested by Svingen et al. (4), etc. On the other hand, if antioxidants or other reducing substances are lost during the preparation of microsomes, the in vitro lipid peroxidation with microsomes does not reflect the in vivo state of that in the intact livers.
Summary
Weanling male rats were fed a riboflavin-or selenium deficient diet for 5 weeks, and the glutathione content and its relating enzyme activities in the livers were examined. The glutathione content and glutathione reductase activity were decreased by deficiency of riboflavin, but not by that of selenium. Glutathione peroxidase activity was increased by addition of selenium to the diet, but without its addition, the activity was higher in the riboflavin-deficient rats than in the riboflavin-sufficient rats, in spite of the increase of lipid peroxides in the former rats. Glucose 6-phosphate dehydrogenase activity was decreased significantly by riboflavin deficiency. In another experiment, riboflavin was intraperitoneally injected into rats fed the diet to which neither riboflavin nor selenium had been added. The glutathione content and activities of glutathione reductase and glucose 6 phosphate dehydrogenase returned to the control level of riboflavin sufficient rats in 24h, the lipid peroxide level in 48h, and the glutathione peroxidase activity, being higher than that in the control rats, in 72h after the injection, respectively. These findings indicate that the increase of lipid peroxides in the livers of riboflavin-deficient rats is caused by the decrease in the glutathione content as well as glutathione reductase activity rather than by that in the selenium-dependent glutathione peroxidase activity. Key Words riboflavin and selenium deficiencies, riboflavin deficiency and glutathione, riboflavin deficiency and lipid peroxides, glutathione peroxidase and lipid peroxides Increase of lipid peroxides was observed in the livers and serum of rats which were fed a riboflavin-deficient diet (1) . Much research has been extensively made to clarify the mechanism of lipid peroxidation, and several investigators have de monstrated that NADPH-cytochrome P-450 reductase is involved in NADPH dependent lipid peroxidation (2, 3) . In order to resolve the mechanism of increase of lipid peroxides in the rats which were fed the riboflavin-deficient diet (riboflavin deficient rats hereafter), the authors studied NADPH-dependent lipid peroxidation with liver microsomes and found that the formation of lipid peroxides expressed as malondialdehyde was decreased in the deficient rats, instead of an increase of lipid peroxide content in the livers.
The increase of lipid peroxides in the livers may be accounted for by several reasons; (i) disturbance and modification of electron transferring systems in NADPH-cytochrome P-450 reductase or NADPH-cytochrome b reductase, (ii) diminution of capacity to degradate hydrogen peroxide which is successively transformed into OH by Fenton-type or Harber-Weiss reaction, (iii) decrease in removal of organic peroxides, and consequent acceleration in the propagative step of lipid peroxidation as suggested by Svingen et al. (4), etc. On the other hand, if antioxidants or other reducing substances are lost during the preparation of microsomes, the in vitro lipid peroxidation with microsomes does not reflect the in vivo state of that in the intact livers.
In our study, the existence of abnormal types of NADPH-cytochrome P-450 reductase was found in the liver microsomes of riboflavin-deficient rats, which consists of 2 mol of FAD instead of 1 mol each of FMN and FAD per mole of the enzyme (5). Vermilion and Coon demonstrated that the FMN-depleted enzyme prepared from the native enzyme lost the ability to transfer electrons to cytochrome P-450 (6). Therefore, it seems likely that the disturbance of electron transfer occurs in the liver microsomes of riboflavin-deficient rats, and accelerates lipid peroxidation.
Glutathione peroxidase which protects biological systems against lipid per oxidation has been shown to require specifically glutathione as the reductant (7). Glutathione reductase is a flavoenzyme and participates in maintaining the glutathione concentration of the reduced form in cells. In the present paper, glutathione content and activities of glutathione reductase and peroxidase in the riboflavin-deficient rat livers were examined to clarify the inconsistent results of a decrease of lipid peroxidation activity and an increase of lipid peroxides in the livers. EXPERIMENTAL 1. Animals and diets. Weanling male rats of the Wistar strain were fed the riboflavin-deficient diet for 5 weeks as described in our previous paper (1) . The control rats were fed a diet to which 40mg of riboflavin per kg of the deficient diet had been added. Diets and distilled water were given ad libitum. In a recovery experiment, 50mg of riboflavin per kg of body weight was intraperitoneally injected into deficient rats daily. In another experiment, rats were fed the riboflavin-deficient or supplemented diet to which 0.5ppm selenium in the form of sodium selenite was The lipid peroxide content in the livers recovered to the control level in 48h, while that in the serum recovered in 72h (livers; p>0.05 in 24h, and serum; p>0.05 in 48h, respectively) (Fig. 2) . Without selenium supplement, the glutathione per oxidase activity of riboflavin-deficient rat livers was higher than that of the control , and did not decrease to the control level in 48h (p>0.05).
The activity of glucose 6-phosphate dehydrogenase of riboflavin-deficient rats increased twice as high as that of control rats 72h after the injection of riboflavin, then a decreasing trend to the normal level of control rats was seen as shown in Fig. 1 .
DISCUSSION
The following evidences indicate that glutathione peroxidase appears to function in preventing lipid peroxidation; (i) increase of lipid peroxidation as monitored by ethane evolution in selenium-deficient rats (14) , and (ii) suppression of NADPH-dependent microsomal or mitochondrial lipid peroxidation by addition of glutathione peroxidase (15, 16) .
In this experiment, remarkable decrease of glutathione peroxidase activity was observed in the livers of rats which were fed diets supplemented with riboflavin but without selenium. On the other hand, the lipid peroxide content in the livers did not differ from that of the rats which were fed the riboflavin and selenium supplemented diet. Glutathione peroxidase activity of the former rat group was 125mU/mg protein, and a considerable selenium deficiency seems to have been made in our experiment, compared with the value of 314mU/mg protein obtained by Lowrence and Burk from the rats which were fed a selenium-deficient diet for 2 weeks (17). Glutathione peroxidase activity of the riboflavin-deficient rats without selenium was 213mU/mg protein, as shown in Table 2 . The decrease in the activity was significantly smaller than that of the control, riboflavin supplemented diet group, regardless of increase of lipid peroxides in the riboflavin-deficient rats. It seemed that a small decrease in the activity was due to the restricted growth of riboflavin deficient rats. Therefore, more selenium in the bodies after birth may have been and T. HARA demonstrated two pools of glutathione in hepatocytes, and that about 85% of cellular total glutathione was in a cytoplasmic location, and a small pool of the rest in the mitochondria (20) . Though distribution of glutathione in hepatocytes was not separately determined in our experiment, shortage of glutathione content and decrease in glutathione reductase activity were presumed to occur in the liver mitochondria of riboflavin-deficient rats, as in the case of whole livers, and these may have caused the deterioration in the protecting mechanism against lipid peroxidation in mitochondria. Hence decrease in activity of NADH-cytochrome c reductase in liver mitochondria which is rotenone insensitive and distributed in outer membrane was slight in riboflavin-deficient rats, compared with that of other flavoenzyme activities (unpublished data), and NADH-dependent lipid peroxi dation with mitochondria was accerelated by addition of rotenone in vitro (21, 22) , lipid peroxidation in particular organella as mitochondria may be accelerated by riboflavin deficiency as a consequence of the decrease in glutathione reductase activity together with the decrease in glutathione concentration. Low glucose 6-phosphate dehydrogenase activity seems to restrict reduction of oxidized form of glutathione through regeneration of NADP, and it may have accelerated lipid peroxidation in riboflavin-deficient rats, together with low glu tathione reductase activity.
